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(54) FREEZING POINT METER AND FREEZING POINT MEASURING METHOD 



(57) A novel method for measuring a deposit point is 
provided, which makes it possible to quickly and accu- 
rately measure a cloud point. A test sample is irradiated 
at an angle of incidence 9 with an incoming light beam 
which satisfies an expression 0 < 62 while gradually 
cooling the test sample such as gas oil, and a totally 
reflected light beam from the test sample is detected for 
every temperature, provided that 8 2 represents a critical 
angle of total reflection of a deposit such as a paraffin 
component deposited when the test sample is cooled. 
The deposit point of the test sample is determined from 
change in intensity of the totally reflected light beam 
with respect to the change in temperature. The light 
intensity distributions detected by a sensor array at 
respective temperatures are statistically processed to 
more accurately determine the deposit point. It is possi- 
ble to use a total reflection type sensor having a 
waveguide structure formed with a light-incoming opti- 
cal path and a light-emitting optical path. CCD is used 
as a detector. 
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1 EP 0 851 

Descripti n 
TECHNICAL FIELD 

The present invention relates to a method for meas- s 
uring a deposit point and a deposit point meter. In par- 
ticular, the present invention relates to a method for 
measuring a deposit point and a deposit point meter 
which make it possible to quickly and highly accurately 
measure the deposit point by using a small amount of a 10 
sample. Especially, the present invention relates to a 
method for measuring a deposit point and a deposit 
point meter which make it possible to quickly and highly 
accurately measure the cloud point of a petroleum prod- 
uct. 15 

BACKGROUND ART 

The cloud point meter is a measuring instrument for 
measuring the temperature at which a petroleum prod- 20 
uct begins to cloud as a result of deposition of paraffin 
wax contained in the petroleum product when the petro- 
leum product such as gas oil is cooled under a predeter- 
mined condition. The phenomenon of deposition of solid 
matters is not limited to the petroleum product, which is 25 
also observed in the same manner at a relatively low 
temperature for many chemical products such as plasti- 
cizers and surface active agents. Therefore, in order to 
evaluate the quality of these products, it is extremely 
important to accurately measure the cloud point 30 

Japanese Industrial Standard (J IS) K 2269 speci- 
fies the method for testing the pour point of crude oil and 
petroleum products and the cloud point of petroleum 
products. According to the test method as described 
above, a certain amount of a sample is prepared, and it 35 
is maintained at a temperature higher than an expected 
cloud point by not less than 1 4 °C. The sample is placed 
in an outer tube of a cooling bath so that the sample is 
allowed to arrive at a temperature in the vicinity of the 
expected cloud point. After that, the sample is taken out 40 
every time when the temperature of the sample is low- 
ered by 1 °C to investigate whether or not any cloud 
appears at the bottom portion of the sample. This oper- 
ation is laborious, and it takes a long time to perform the 
measurement. For this reason, it is approved to use an 45 
automatic cloud point meter on condition that a result 
obtained by using the automatic cloud point meter can 
be confirmed to be not significantly different from a 
result obtained by using the specified test method, in 
accordance with J I S Z 8402 . so 

For example, Japanese Laid-Open Patent Publica- 
tion No. 61-17941 discloses a cloud point meter having 
a structure comprising a sample vessel for pouring a liq- 
uid sample thereinto and a pair of optical fibers con- 
nected to a light-projecting unit and a light-receiving 55 
unit, the pair of optical fibers being installed in the sam- 
ple vessel, wherein a projecting light beam outgoing 
from one of the optical fibers and passing through the 



220 A1 2 

sample is reflected by a mirror surface disposed at the 
bottom surface of the vessel, and a reflected light beam 
is received by the other optical fiber. In this apparatus, 
any cloud is allowed to appear at the bottom surface of 
the vessel by cooling the sample. The cloud point of the 
sample is determined by observing rapid change in 
amount of received light coming from the bottom sur- 
face. 

The present applicant has disclosed an automatic 
apparatus for measuring the cloud point in International 
Publication No. WO 94/24544. This apparatus has a 
sensor including, on a substrate, a laminate of a 
waveguide assembly comprising a light-introducing 
optical path and a light-emitting optical path which inter- 
sect with each other at a detecting surface to make con- 
tact with a test liquid, and a means for heating and 
cooling the test liquid. The angle of incidence and the 
angle of reflection of light with respect to the test sample 
are adjusted to give angles at which total reflection is 
caused by a deposit such as paraffin generated in the 
sample, at the detecting surface for the light-introducing 
optical path and the light-emitting optical path. When 
the test liquid is gradually cooled, the incoming light 
beam is refracted at the detecting surface to go toward 
the test liquid before arrival at the cloud point of paraffin. 
However, upon arrival at the cloud point, total reflection 
occurs at the detecting surface as a result of deposition 
of a solid matter of paraffin. The totally reflected light 
beam is detected by the aid of an optical fiber con- 
nected to the light-emitting optical path. Namely, this 
apparatus detects the deposition of a solid matter on the 
basis of the on/off system for the totally reflected light 
beam coming from the solid matter, wherein the temper- 
ature upon the detection is read to determine the cloud 
point. 

The present applicant has also disclosed, in Japa- 
nese Patent Application No. 07-068979, a cloud point 
meter having approximately the same arrangement as 
that of the cloud point meter disclosed in International 
Publication No. WO 94/24544. The doud point meter 
comprises a concave detecting area formed by an area 
including a point of intersection between a light-intro- 
ducing optical path and a light-emitting optical path of a 
waveguide path, of a contact surface with respect to a 
test liquid. This cloud point meter is operated as follows. 
Namely, when deposited f ine particles are generated in 
the detecting area as a result of cooling for the sample, 
the incoming light beam is optically scattered by the fine 
particles. The light beam is introduced into the light- 
emitting optical path, and it is detected by an optical 
ffoer for the outgoing light beam. This cloud point meter 
makes it possible to quickly and accurately measure the 
cloud point by sensing and detecting the appearance of 
initially formed fine particles. 

The cloud point meter concerning the conventional 
technique as described above greatly shortens the time 
required for measurement, as compared with the meas- 
uring method specified in JIS K 2269. However, it is 
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demanded to provide a cloud point meter which makes 
it possible to more quickly and more accurately meas- 
ure the cloud point. 

An object of the present invention is to provide a 
novel method for measuring the deposit point (deposi- 5 
tion point), which makes it possible to quickly and accu- 
rately measure the deposit point such as the cloud 
point. Another object of the present invention is to pro- 
vide a deposit point meter which makes it possible to 
quickly and accurately measure the deposit point, and 10 
which can be easily produced. 

DISCLOSURE OF THE INVENTION 

According to a first aspect of the present invention, 75 
there is provided a method for measuring a deposit 
point, comprising the steps of irradiating a test sample, 
for which the deposit point is measured, with a light 
beam from the outside and detecting a reflected light 
beam coming from a contact surface between the test 20 
sample and the outside, while changing a temperature 
of the test sample, characterized by: irradiating the test 
sample with the incoming light beam at an angle of inci- 
dence 0 which satisfies an expression (8-j-A) 
< 6 < (G 2+A) while changing the temperature of the 25 
test sample, wherein the incoming light beam is a light 
beam having a spreading angle +A. 0 1 represents a crit- 
ical angle of total reflection of the test sample, and 0 2 
represents a critical angle of total reflection of a deposit 
deposited when the test sample is cooled; detecting a 30 
totally reflected light beam from the test sample; and 
determining the deposit point of the test sample from 
change in intensity of the totally reflected light beam 
with respect to the change in temperature. 

In the case of the cloud point meter described in 35 
International Publication No. WO 94/24544, the cloud 
point has been measured by detecting a light beam 
totally reflected by paraffin when a test liquid is cooled, 
and paraffin in the test liquid is deposited. On the con- 
trary, in the case of the method for measuring the 40 
deposit point according to the present invention, the 
deposit point is measured on the basis of the principle 
as shown in Fig. 1 . Fig. 1 conceptually shows the situa- 
tion in which the incoming light beam is refracted or 
totally reflected at a detecting surface 16 of a sensor 45 
when the light beam is radiated from a core portion 12 
(refractive index: n 0 ) of a waveguide layer of the sensor 
toward a test liquid 14 (refractive index: n-,). The angle 
of incidence (critical angle) e 1f at which the incoming 
light beam is totally reflected at the detecting surface, is so 
determined by sine 1 =njx\ 0 according to the Snell's 
law. On the other hand, assuming that a solid matter 18 
such as paraffin, which is deposited from the test liquid 
when the test liquid is cooled, has a refractive index n 2 , 
the critical angle of total reflection 0 2 , at which the ss 
incoming light beam coming from the core 12 of the 
waveguide layer is totally reflected by the deposit 18, is 
determined by sine 2 = n 2 /n 0 . For example, when the 



cloud point of a petroleum product is measured, if the 
test liquid is the petroleum product such as gas oil, and 
the deposit is the paraffin component, then an expres- 
sion of 6 1 < 0 2 is generally satisfied. Fig. 1A shows a 
case in which the angle of incidence is 0 < 0-j . Before the 
paraffin component is deposited (before cooling is per- 
formed), all of the incoming light beam is refracted at the 
detecting surface, and it is transmitted through the test 
liquid 14 as shown in the left part of Fig. 1 A. Even when 
the test liquid is cooled to deposit the solid matter 18 
such as paraffin on the detecting surface 1 6 from the 
test sample 14 as shown in the right part of Fig. 1 A, no 
total reflection occurs from the deposit 18 in conformity 
with the total reflection condition as described above, 
and the incoming light beam is transmitted through the 
detecting surface 16. ft is noted that no spreading angle 
±A is taken into account for the incoming light beam 
shown in Fig. 1. 

When the angle of incidence e satisfies 9 2 < 6, the 
incoming light beam is totally reflected by the test liquid 
1 4 before cooling as shown in Fig. 1 B in conformity with 
the total reflection condition. The incoming light beam is 
also totally reflected by the deposit 18 deposited by 
cooling. 

On the other hand, when the angle of incidence e 
satisfies 9 n < e < 0 2 . the incoming light beam is totally 
reflected by the test sample 14 as shown in Fig. 1C. 
However, the incoming light beam is not totally reflected 
by the deposit 18 deposited as a result of cooling. 
Accordingly, when the test sample is gradually cooled to 
arrive at the deposit point (cloud point) for the paraffin 
component or the like, then the deposit 18 is deposited 
at the detecting surface 16, and the intensity of reflected 
light from the detecting surface 16 is lowered. There- 
fore, it is understood that the cloud point can be deter- 
mined by setting the angle of incidence 0 to be within 
the range of 0-j < 8 < 6 2 , and observing the change in 
intensity of reflected light with respect to the cooling 
temperature. Especially, the deposited solid matter of 
the paraffin component forms polycrystals which grow 
from crystal nuclei. Therefore, a minute amount of the 
crystals appear in a form of lands on the detecting sur- 
face at the initial stage of deposition. The method of the 
present invention makes it possible to perform detection 
at the initial stage of crystal deposition as described 
above. Therefore, it is possible to determine the cloud 
point extremely accurately. As illustrated in embodi- 
ments described later on, the condition is not limited to 
only 6 1 < 0 < 8 2 . because the angle of incidence 6 has a 
spreading angle. Namely, the reflected light beam may 
be sampled within an angle range in which 0 is smaller 
than 8i . for example, in an angle range in which the 
angle of incidence 0 satisfies (0.,-A) < e < (6 2 +A) 
provided that the incoming light beam is represented as 
having an angle a±A based on a central angle a as a 
reference. 

In the method for measuring the deposit point 
according to the present invention, a correlation coeffi- 
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cient between light intensity distributions of detected 
totally reflected light beams may be determined as a 
function of temperature, and the deposit point may be 
determined according to temperature^ ependent 
change in the correlation coefficient. The deposit point 5 
can be determined more accurately by statistically 
processing the intensity of the totally reflected light as 
described above. Especially, it is possible to accurately 
determine the cloud point of petroleum products. 

According to a second aspect of the present inven- 10 
tion, there is provided a deposit Point meter comprising 
a sensor including a waveguide layer formed with a 
light-introducing optical path for introducing a light beam 
into a contact surface with respect to a test sample for 
which a deposit point is measured and a light-emitting is 
optical path for emitting a reflected light beam coming 
from the contact surface, a light-supplying means con- 
nected to the waveguide layer for supplying the light 
beam to the light-introducing optical path, and a photo- 
detector connected to the waveguide layer for detecting 20 
the light beam coming from the light-emitting optical 
path; and a heating and cooling means for controlling a 
temperature of the test sample; wherein the light-intro- 
ducing optical path and the light-emitting optical path 
are formed in the waveguide layer so as to detect a light 25 
beam having an angle of incidence 0 which satisfies an 
expression (0.,-A) < 0 < (G 2 +A) provided that the 
incoming light beam is a light beam having a spreading 
angle ±A, 6-i represents a critical angle of total reflection 
of the test sample, and 0 2 represents a critical angle of 30 
total reflection of a deposit deposited when the test 
sample is cooled. The light intensity at a certain temper- 
ature can be sensed and detected more sensitively by 
appropriately selecting the range of the angle of reflec- 
tion to be detected within the scope of the condition 35 
specified by the present invention. 

In the deposit point meter according to the present 
invention, it is preferable that the sensor comprises a 
laminate having a dad/core/clad-conf igured waveguide 
structure on a substrate, an optical fiber for supplying 40 
the light beam to the light-introducing optical path, and 
a photoelectric sensor array for detecting the light beam 
coming from the light-emitting optical path, wherein the 
laminate comprises a light-introducing surface con- 
nected to the optical fiber, a detecting surface for totally 45 
reflecting or transmitting the incoming light beam having 
the spreading angle radiated from the optical fiber and 
defining a contact surface with respect to the test sam- 
ple, and a light-emitting surface connected to the photo- 
electric sensor array. so 

In the deposit point meter according to the present 
invention, it is preferable that the test sample is cooled 
on a side of the detecting surface of the sensor, 
because it is possible to accurately sense and detect 
the deposition temperature of a solid matter. It is advan- ss 
tageous that the core layer of the sensor has a thick- 
ness which is not larger than a size of particles 
deposited when the test sample is cooled, in order to 



perform high sensitivity detection. It is preferable that 
the thickness of the core layer is not more than 1 mm. It 
is necessary that the thickness of the core layer is not 
less than 1 jim, in order to achieve waveguide for the 
light beam introduced into the core layer with little loss 
of light. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates the principle of the method for 
measuring the deposit point according to the present 
invention, wherein Fig. 1A shows a case in which the 
angle of incidence 6 satisfies 6 < 6 1( Fig. 1B shows a 
case in which the angle of incidence 6 satisfies 62 < 6, 
and Fig. 1C shows a case in which the angle of inci- 
dence 6 satisfies G<\ < 8 <62> and wherein Figs. 1Ato1C 
shows situations of refraction or reflection of the intro- 
duced light beam before or after the cooling for the test 
sample respectively. 

Fig. 2 shows a perspective view of main parts of a 
specified embodiment of a total reflection type optical 
sensor used for the deposit point meter according to the 
present invention. 

Fig. 3 illustrates a detection system and a principle 
of operation of the sensor shown in Fig. 2, depicting a 
cross-sectional structure of the sensor including the 
core layer shown in Fig. 2. 

Fig. 4 conceptually shows magnified cross sections 
in the vicinity of the core layer 3 of the waveguide layer 
shown in Fig. 1 and relationships with respect to depos- 
ited particles 41 , wherein Fig. 4A shows a case in which 
the thickness of the core layer is sufficiently thicker than 
the particle size of the deposited particles, and Fig. 4B 
shows a case in which the thickness of the core layer is 
thinner than the particle size of the deposited particles. 

Fig. 5 shows a graph illustrating relationships 
between the angle of emission and the light intensity 
detected by a CCD sensor, obtained when No. 2 gas oil 
is cooled from a temperature of 1.5 °C at a cooling 
speed of 0.1 °C/second. 

Fig. 6 shows a graph illustrating relationships 
between the correlation coefficient and the temperature 
obtained from the result shown in Fig. 5, depicting two 
cases based on the use of detection data from the sen- 
sor array corresponding to a critical angle of total reflec- 
tion of 80.5° ±3° and a critical angle of total reflection of 
80.5° ±1° of No. 2 gas oil respectively. 

Fig. 7 shows a graph illustrating relationships 
between the angle of emission and the light intensity 
detected by the CCD sensor for No. 2 gas oil by using 
the sensor of the waveguide structure having a core 
thickness of 200 ^m. 

Fig. 8 shows a graph illustrating relationships 
between the correlation coefficient and the temperature 
obtained from the result shown in Fig. 7, depicting three 
cases based on the use of detection data from the sen- 
sor array corresponding to a critical angle of total reflec- 
tion of 78.7° ±6.5°, a critical angle of total reflection of 
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78.7° ±2.5°, and a critical angle of total reflection of 
78.7° ±1° of No. 2 gas oil respectively. 

Fig. 9 shows a graph illustrating relationships 
between the angle of emission and the light intensity 
detected by the CCD sensor for No. 2 gas oil by using 
the sensor of the waveguide structure having a core 
thickness of 1 mm. 

Fig. 10 shows a graph illustrating relationships 
between the correlation coefficient and the temperature 
obtained from the result shown in Fig. 9, depicting three 
cases based on the use of detection data from the sen- 
sor array corresponding to a critical angle of total reflec- 
tion of 79.7° ±4.5°, a critical angle of total reflection of 
78.7° ±3.5°, and a critical angle of total reflection of 
78.7° ±1° of No. 2 gas oil respectively. 

Fig. 11 shows a graph illustrating a result of calcu- 
lation of integral square A of differences between light 
intensity distributions for every 0.1 °C according to the 
result shown in Fig. 5. 

Fig. 12 shows a perspective view (Fig. 12 A) and a 
side view (Fig. 12B) illustrating an example of the struc- 
ture of the deposit point meter. 

Fig. 13 shows an exploded perspective view of the 
assembly of a sensor portion of the deposit point meter 
shown in Fig. 12. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Structure of deposit point meter 

Embodiments and examples of the present inven- 
tion will be explained with reference to the drawings. 
Fig. 2 shows a perspective view of main parts of a spec- 
ified embodiment of a total reflection type optical sensor 
used for the deposit point meter according to the 
present invention. The total reflection type sensor has a 
structure constructed by successively laminating a clad 
glass plate, a core glass plate, and a clad glass plate on 
a substrate 1 so that a waveguide structure of clad 
2/core 3/dad 4 is formed on the substrate 1, and stick- 
ing a substrate 6 on the clad 4 via an adhesive 5. The 
lower substrate 1 and the upper substrate 6 may be 
composed of, for example, Si substrates and metal sub- 
strates. Those usable as materials for the core 3 and the 
clads 2, 4 include materials which are generally used as 
materials for optical fibers. For example, the core/clad 
material may be Si0 2 /SiO 2 +Ge0 2 , Si0 2 /SiO2+Ti0 2t 
SiO^SiF^SiO^ The clads 2, 4 and the core 3 can be 
formed on the lower substrate 1 in accordance with the 
conventional film formation technique such as sputter- 
ing. For example, an epoxy resin is used as the adhe- 
sive 5. 

The clad/core/clad-corrfigured waveguide structure 
may be constructed by using an assembly in which the 
core is formed by a waveguide glass plate having a 
thickness of 0.2 mm to 1 mm which is interposed and 
glued between materials for forming the clads. The 
assembly is further interposed between substrates, rf 



necessary. Those usable as the waveguide glass plate 
to be used as the core include glass such as quartz 
glass and optical glass, and optical crystals such as 
sapphire, zirconia, and diamond. Those usable as the 

5 material for the clad include glass such as quartz glass 
and optical glass, and optical crystals such as sapphire, 
zirconia, and diamond, each having a refractive index 
lower than that of the waveguide glass plate to be used 
for the core. Those usable as the substrate include, for 

10 example, Si and metals having high heat-conductivity. 
Those usable as the adhesive to glue the core and the 
clads include, for example, epoxy resins for optical pur- 
pose. Those usable as the adhesive to glue the sub- 
strate and the clads include, for example, epoxy resins. 

is The laminate comprises a light-introducing surface 

7 for introducing the light beam into the waveguide layer 
formed by the clad 2/core 3/clad 4, a detecting surface 

8 for reflecting or transmitting the incoming light beam 
and constructing the contact surface with respect to a 

20 test sample M, and a light-emitting surface 9 for output- 
ting the reflected light beam. The light-introducing sur- 
face 7 is connected to an optical f toer array 1 1 in which, 
for example, a single mode optical fiber 1 1 is embed- 
ded. The optical fiber is connected to a light source (not 

25 shown) such as a semiconductor laser composed of, for 
example, GaAs-AlGaAs, a He-Ne laser, and a light emit- 
ting diode (LED). A CCD sensor (see Fig. 3), which 
serves as a photodetector capable of detecting, in a 
wide range, the reflected light beam obtained from the 

30 incoming light beam having a spreading angle, is con- 
nected to the light-emitting surface 9. Preferably, the 
photodetector is installed with a computing unit (see 
Fig. 3) for statistically processing the intensity of 
received light obtained by each of pixels of the CCD 

35 sensor. 

Fig. 3 illustrates a detection system and a principle 
of operation of the sensor shown in Fig. 2. Fig. 3 shows 
a cross-sectional structure of the sensor including the 
core 3 of the waveguide layer shown in Fig. 2. The light 

40 beam coming from the fiber 1 0 is introduced through the 
optical fiber array 1 1 into a light-introducing position T 
on the light-introducing surface 7. The outgoing light 
beam emitted from the optical fiber is spread at a 
spreading angle ±A, usually at an angle of about 6 to 8 

45 degrees. Then the light beam passes through the 
waveguide layer (light-introducing optical path) there- 
from while maintaining the spreading angle +A, and it 
arrives at the detecting surface 8 which contacts with 
the test sample M, while giving a central angle of inci- 

50 dence a with the spreading angle (a±A). The center of 
the arrival point is indicated by B, and the both ends are 
indicated by A and C. The angle of incidence is (a-A) at 
Point A, and it is (a+A) at Point C. Assuming that the 
light beam is totally reflected by the boundary plane 

55 between the detecting surface 8 and the test sample M, 
reflected light beams from Points A, B, C arrive at Points 
D, E, F at the light-emitting position 9' on the light-emit- 
ting surface 9 respectively. The CCD sensor 32 detects 
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outgoing light beams ranging over Points D, E, F. For the 
CCD sensor 32, it is possible to use a linear array CCD 
sensor comprising a plurality of pixels arranged linearly 
in a direction from D to F (for example, the sensor has 
1024 bits pixels in the direction from D to F (14 
pm/pixel)). In order to process the change in light inten- 
sity of the outgoing light beam, the output from the CCD 
sensor 32 is sent via signal lines 33 to a computing unit 
34. The computing unit 34 performs statistical process- 
ing as described later on. A photodetector 35 is con- 
structed by the CCD sensor 32, the signal lines 33, and 
the computing unit 34. The total reflection type optical 
sensor has the structure equivalent to that of a reflection 
type refractive index sensor disclosed by the present 
applicant in Figs. 1 and 2 in International Publication No. 
WO 94/24544. 

As shown in Fig. 3, the incoming light beam has the 
spreading angle a±A, and the reflected light beams cor- 
responding thereto are detected by the CCD sensor 32. 
Therefore, the angle of reflection, at which total reflec- 
tion from the test sample occurs, can be detected as a 
boundary between light and darkness by using the CCD 
sensor 32. The relationship between the refractive index 
of the test sample and the pixel position of the CCD sen- 
sor 32 indicating the critical angle of total reflection can 
be determined beforehand by previously measuring the 
boundary between tight and darkness by using several 
test samples having different refractive indexes. 

Next, sensors for measuring the deposit point hav- 
ing waveguide layers of three types of core layers hav- 
ing thicknesses of 6 ^m, 200 \im, and 1 mm respectively 
were produced respectively to investigate the relation- 
ship between the thickness of the core layer and the 
detection sensitivity. Fig. 4 conceptually shows magni- 
fied cross sections in the vicinity of the core layer 3 of 
the waveguide layer shown in Fig. 1 and relationships 
with respect to deposited particles 41 . Fig. 4A shows a 
case in which the thickness of the core layer 3 is suffi- 
ciently thicker than the particle size of the deposited 
particles 41 such as those of paraffin wax. On the con- 
trary, Fig. 4B shows a case in which the thickness of the 
core layer 3 is not larger than the particle size of the 
deposited particles 41. Initially deposited crystals can 
be highly sensitively detected by making the thickness 
of the core to be equivalent to or smaller than the 
deposited particles as shown in Fig. 4B. Accordingly, it 
has been found that the thinner thickness of the core 
layer is preferred. In the case of petroleum products, the 
particle size of deposited matters scarcely exceeds 1 
mm. Therefore, the thickness of the core layer may be 
not more than 1 mm. It is desirable that the thickness of 
the core layer is not less than 1 nm in order to achieve 
waveguide for the light beam introduced into the core 
layer with little loss. 

Method for measuring deposit point 

The method for measuring the deposit point will be 



explained below, as exemplified by measurement of the 
cloud point of petroleum products. The cloud point of 
No. 2 gas oil was measured by using the total reflection 
type optical sensors including three types of waveguide 
s layers having thicknesses of the core layer of 6 jim, 200 
^m, and 1 mm respectively. The total reflection type 
optical sensor having the core thickness of the 
waveguide layer of 6 ixm had the structure as shown in 
Figs. 2 and 3. 

10 On the other hand, each of the total reflection type 
optical sensors having the core thickness of the 
waveguide layer of 200 jim and 1 mm had a structure 
obtained by interposing each of waveguide glass plates 
(refractive index: 1.51) having the thicknesses of 200 

15 \im and 1 mm between Pyrex glass plates (refractive 
index: 1 .45) to make adhesion with an optical epoxy 
resin (refractive index: 1.45), and interposing an 
obtained assembly between Si substrates. An optical 
fiber array, in which a multiple mode optical fiber con- 

20 nected to a tight emitting diode (LED) was embedded, 
was connected to a light-introducing surface. A photo- 
detector (CCD sensor), which was connected to a com- 
puting unit for statistically processing the intensity of 
received light, was connected to a light-emitting surface 

25 (see Fig. 3). 

At first, the sensor having the core thickness of 6 
hjti was used. With reference to Fig. 3, the central angle 
of incidence a was a = 80°, the spreading angle A was 
A ss about 4°, and the refractive index of the waveguide 

30 layer was 1 .50. The light emitting diode (LED) for emit- 
ting a light beam having a central wavelength of 850 nm 
was used as a light source. The CCD sensor 32 was 
arranged to make it possible to detect the reflected light 
beam in an angle range of about 72° to about 88° of the 

35 spreading angle. Therefore, it was possible for the CCD 
sensor 32 to detect all reflected light beams having the 
spread angle range. In this system, No. 2 gas oil (refrac- 
tive index n 1 = about 1 .48) had a critical angle of total 
reflection of about 80.5°. In general, when the method 

40 for measuring the cloud point is carried out, the refrac- 
tive index of a deposit is larger than the refractive index 
of the test sample, and the refractive index of the 
deposit is often indefinite because the deposit is often a 
mixture. Therefore, it is practical to observe the change 

45 in reflected light intensity in the vicinity of the critical 
angle of total reflection of the test sample. 

At first, the light intensity was measured by using 
the CCD sensor 32 while performing cooling to lower 
the temperature of No. 2 gas oil at a cooling speed of 

so 0.1 °C/second starting from room temperature by using 
a temperature control unit as described later on. A result 
is shown in a graph in Fig. 5. A range of 75° to 85° is 
indicated in the horizontal axis of the graph after con- 
verting, by calculation, the respective pixels of the CCD 

55 sensor 32 into the angle of emission. The vertical axis of 
the graph indicates the light intensity value. Light inten- 
sity values at respective temperatures are depicted as 
being consciously deviated so that the change in light 
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intensity may be easily understood. Actual light intensity 
values at the respective temperatures are approxi- 
mately coincident with each other in the vicinity of a 
range of angle of emission of 75° to 77°. A range of tem- 
perature of 1.5 °C to 0.1 °C is depicted in the graph. 5 
According to Fig. 5, it is understood that the critical 
angle of total reflection of No. 2 gas oil is 80.5°, and the 
light beam is transmitted at an angle not more than 
80.5°. It is understood that when the temperature is low- 
ered, the waveform of the peak is suddenly disturbed in 10 
the vicinity of 0.8 °C. It is assumed that the disturbance 
is caused by the change in intensity of totally reflected 
light from No. 2 gas oil, as a result of deposition of par- 
affin component on the detecting surface from No. 2 gas 
oil. Namely, the cloud point of No. 2 gas oil was sue- 15 
cessfully measured within 10 minutes according to the 
change in intensity of totally reflected light. 

In order to more accurately determine the cloud 
point according to the result shown in Fig. 5, light inten- 
sity data for the respective pixels of the CCD sensor 32 20 
were statistically processed by using the following two 
method. In the first method, the correlation coefficient 
between light intensity distributions obtained for every 
0.1 °C was calculated as shown in the following expres- 
sion (1) to investigate the relationship between the cor- 25 
relation coefficient and the temperature. In the 
expression (1). xi indicates light intensity detected by 
the pixel i at T °C. and yi indicates light intensity 
detected by the pixel i at T+0.1 °C. Further, jix and uy 
indicates average values of the light intensities xi and yi 30 
of ail of sampled pixels i, and ax and ay indicate stand- 
ard deviations respectively. As for the judgment stand- 
ard for determining the cloud point, the cloud point may 
be regarded to be a temperature at which the correla- 
tion coefficient pxy is not more than a certain constant. 35 
In this embodiment for example, the constant was des- 
ignated as a numerical value obtained by subtracting a 
three-fold value of the standard deviation from the aver- 
age of correlation coefficients between light intensity 
distributions at temperatures at which no deposit was 40 
found. Correlation coefficient: 

n 

J5>i-nx)(yi-n y ) 

1 ' . AC 



Alternatively, another statistical processing method 
was used in order to accurately determine the cloud so 
point according to the result shown in the graph in Fig. 
5. Namely, the integral square A of differences between 
light intensity distributions obtained for every 0. 1 °C was 
calculated in accordance with the following expression 
(2). In the expression, xi indicates the light intensity 55 
detected by the pixel i at T °C, and yi indicates the light 
intensity detected by the pixel i at T+0.1 °C. 
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A=Z(x r yi) 2 (2) 

i=1 

Fig. 6 shows the relationship between the tempera- 
ture and the correlation coefficient calculated in accord- 
ance with the expression (1). Results are shown for a 
case in which the correlation coefficient was determined 
by substitutively using light intensity values obtained 
from the sensor array corresponding to the critical angle 
of total reflection of 80.5°±3° of No. 2 gas oil, and for a 
case in which the correlation coefficient was determined 
by using only light intensity values obtained from the 
sensor array corresponding to the critical angle of total 
reflection of 80.5°±1° of No. 2 gas oil respectively. 
According to Fig. 6, it is understood that the correlation 
coefficient is apparently lowered due to deposition at a 
temperature not more than 0.9°. It is understood that the 
change in correlation coefficient is drastic in the case of 
the critical angle of total reflection of 80.5°±1° in which 
the calculation range for the correlation coefficient is 
narrow. The cloud point can be sufficiently judged in the 
both cases in which the calculation range for the corre- 
lation coefficient corresponds to the critical angles of 
total reflection of 80.5°±1° and 80.5°±3°. 

In Fig. 7. the cloud point was measured in the same 
manner as described above for No. 2 gas oil having a 
composition different from that used above, by using the 
sensor having the core thickness of 200 *im of the 
waveguide layer structure. The central angle of inci- 
dence a was a = 80°, the spreading angle A was A = 4°, 
and the refractive index of the waveguide layer was 1 .5. 
However, the measurement was started at room tem- 
perature. Only light intensities, which correspond to 
temperatures in a range of -6.8 °C to -8 °C and angles 
of emission in a range of 75° to 82°, are shown in Fig. 7. 
In this system, the critical angle of total reflection of No. 
2 gas oil is 78.7°. When comparison is made with Fig. 5, 
the change in intensity of the outgoing light beam, which 
was obtained when the temperature was progressively 
lowered, is extremely small. The change is merely in a 
degree in which small disturbance is observed in the 
vicinity of 79° at a temperature of not more than -7.5 °C. 

Fig. 8 shows results obtained by using the results 
shown in Fig. 7 to calculate the correlation coefficient 
pxy in accordance with the expression (1) for a case in 
which only light intensity values obtained from the sen- 
sor array corresponding to the critical angle of total 
reflection of 78.7°±6.5° of No. 2 gas oil were used, for a 
case in which only light intensity values obtained from 
the sensor array corresponding to the critical angle of 
total reflection of 78.7°±2.5° of No. 2 gas oil were used, 
and for a case in which only light intensity values 
obtained from the sensor array corresponding to the 
critical angle of total reflection of 78.7°±1° of No. 2 gas 
oil were used respectively. According to Fig. 8, the 
decrease in correlation coefficient was observed due to 
deposition at a temperature of not more than -7.5 °C 
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when the temperature was progressively lowered, in the 
case of the use of the light intensity values obtained 
from the sensor array corresponding to the critical angle 
of total reflection of 78.7°±6.5°. and in the case of the 
use of the light intensity values obtained from the sen- 5 
sor array corresponding to the critical angle of total 
reflection of 78.7°±2.5°. Accordingly, it is understood 
that the cloud point can be judged in these cases. The 
correlation constant is approximately 1 which is con- 
stant at a temperature of not less than -7.0 °C. The w 
decrease in correlation coefficient was observed due to 
deposition at temperature of not more than -7.4. °C in 
the case of the use of the light intensity values obtained 
from the sensor array corresponding to the critical angle 
of total reflection of 78.7°±1°. Accordingly, the cloud 15 
point can be judged in this case. 

In Fig. 9, the cloud point was measured in the same 
manner as described above for No. 2 gas oil, by using 
the sensor having the core thickness of 1 mm of the 
waveguide layer structure. The central angle of inci- 20 
dence a was a = 80°, the spreading angle A was A = 4°, 
and the refractive index of the waveguide layer was 
1.50. However, the measurement was started at room 
temperature- Only light intensities corresponding to 
temperatures in a range of 1.2 °C to 0.1 °C and angles 25 
of emission in a range of 75° to 83° are shown in Fig. 9. 
In this system, the critical angle of total reflection of No. 
2 gas oil is 79.7°. When comparison is made with Fig. 5 
in the same manner as described with reference to Fig. 
7, the change in intensity of the outgoing light beam, 30 
which was obtained when the temperature was progres- 
sively lowered, is extremely small. The change is merely .. 
in a degree in which small disturbance is observed in 
the vicinity of 80° at a temperature of not more than -0.8 

°C. 35 

Fig. 10 shows results obtained by using the results 
shown in Fig. 9 to calculate the correlation coefficient 
pxy in accordance with the expression (1) for a case in 
which only light intensity values obtained from the sen- 
sor array corresponding to the critical angle of total 40 
reflection of 79.7°±4.5° of No. 2 gas oil were used, for a 
case in which only light intensity values obtained from 
the sensor array corresponding to the critical angle of 
total reflection of 79.7°±3.5° of No. 2 gas oil were used, 
and for a case in which only light intensity values 45 
obtained from the sensor array corresponding to the 
critical angle of total reflection of 79.7°±1° of No. 2 gas 
oil were used respectively. 

The change in correlation coefficient was smaller 
by one digit than those obtained for the thicknesses of 6 so 
pm and 200 jam of the core layer of the waveguide layer, 
even when the range of the light intensity value to be 
used for the calculation of the correlation coefficient was 
narrowed. The decrease in correlation coefficient was 
observed for ail of the cases due to the deposition , from 55 
a temperature of not more than 1.1 °C. However, the 
change is not so rapid as compared with those obtained 
when the thickness of the core layer of the waveguide 
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layer was 6 jim and 200 ^m. It is understood that the 
sensitivity is lowered when the thickness of the core 
layer is thick. In general, it is sufficient that the thickness 
of the core layer is not more than 1 mm. 

Next, the integral square A of differences between 
light intensity distributions of every 0.1 °C was calcu- 
lated for the cooling temperature of every 0.1 °C, from 
the result shown in Fig. 5 (core thickness: 6 jxm) by 
using the expression (2) described above. The change 
in integral square A with respect to the respective tem- 
peratures is shown in a graph in Fig. 1 1 . According to 
Fig. 11, it is understood that when the temperature is 
progressively lowered, the integral square A is suddenly 
increased in the vicinity of 0.9 °C. making it possible to 
judge the cloud point. 

The integral square A of differences between light 
intensity distributions for every 0.1 °C was calculated in 
the same manner as described above by using the 
expression (2), for the results of measurement for the 
light intensity with respect to the cooling temperature 
based on the use of the sensor of the waveguide struc- 
ture having the core thickness of 200 and 1 mm 
(Figs. 7 and 9). However, the integral square A greatly 
varied, and it was impossible to find any definite change 
from which the cloud point could be judged, probably 
because of the following reason. Namely, the measure- 
ment procedure may be affected by dispersion or irreg- 
ularity in sensitivity of the CCD sensor or the like due to 
variation in temperature. In other words, such overall 
dispersion can be canceled in the case of the process- 
ing based on the expression (1), however, such overall 
dispersion cannot be canceled in the case of the 
processing based on the expression (2). 

According to the methods described above, it took 
only about 1 0 minutes to perform the step for measuring 
the light intensity while cooling No. 2 gas oil as the test 
sample, and perform the statistical processing for deter- 
mining the cloud point Accordingly, it is understood that 
the measurement time is shortened as compared with 
the conventional method for measuring the cloud point. 
The cloud point was successfully measured at an accu- 
racy of 0.1 °C. The cloud point determined in accord- 
ance with the method of the present invention described 
above is certainly correlated with the cloud point of the 
same No. 2 gas oil measured by using the method for 
measuring the cloud point as specified in JIS K 2269. 
Thus, it has been found that the method of the present 
invention is a measuring method which is compatible 
with JIS K 2269. 

Explanation has been made in the foregoing 
embodiments for the method for measuring the cloud 
point as the method for measuring the deposit point. 
However, the present invention is not limited to only the 
measurement for the cloud point. The present invention 
makes it possible to measure the dew point which 
exhibits the temperature at which water is deposited 
from vapor in gas, and measure the phase change 
associated with deposition such as those occur 
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between liquid and solid, between gas and liquid, and 
between gas and solid. In the method for measuring the 
deposit point according to the present invention, the 
change in incoming light beam based on transmittance 
through a test sample is not measured, but the change 5 
in light reflection effected by a test sample is measured. 
Accordingly, it is possible to accurately measure the 
phase change of colored test samples, especially, it is 
possible to accurately measure the cloud point of petro- 
leum products. 10 

Assembly of deposit point meter 

An example of the structure of the deposit point 
meter assembled by using the total reflection type sen- 15 
sor shown in Figs. 2 and 3 is shown in a perspective 
view in Fig. 12A and in a side view in Fig. 12B. A cloud 
point meter 70 principally comprises a total reflection 
type sensor 72 installed with a CCD sensor 32 and a 
fiber 1 0 for supplying an incoming light beam, a hopper 20 
78 for charging a test sample 71 therein, a Pettier ele- 
ment 74 for cooling the sensor 72 and the test sample 
71 , a thermal conductor (heat sink) 73 for surrounding 
the total reflection type sensor 72, and a temperature- 
measuring means (see Fig. 13) for measuring the tern- 25 
perature of a sensor head (detecting surface) 85. in the 
deposit point meter according to the present invention, 
the hopper 78 is installed on the sensor head 85 so that 
the sensor head 85 constitutes the bottom surface of 
the hopper 78. The test sample 71 is cooled via the sen- 30 
sor head 85. In the present invention, the deposit point 
is determined in accordance with the characteristics of 
reflected light from the deposit or depositing material 
deposited on the sensor head 85. Therefore, it is prefer- 
able that the temperature of the test sample is control- 35 
led via the detecting surface. By adopting the structure 
as described above, the deposit material is accumu- 
lated on the detecting surface, and the sensitivity to 
deposition is improved. Further, it is assumed that the 
test sample in the vicinity of the detecting surface has 40 
the same temperature as that of the detecting surface. 
Accordingly, this structure is advantageous in that the 
deposition temperature can be accurately monitored by 
measuring the temperature of the sensor head. The 
sensor 72 is embedded in the thermal conductor 73 as 45 
a heat sink installed on the Peltier element 74. There- 
fore, it is possible to control the heat uniformly and 
quickly. The cooling (temperature control) means for the 
sensor is not limited to the Peltier element. Alternatively, 
it is possible to use, for example, a heat exchanger so 
based on the use of circulating coolant or refrigerant 
and a cryostat. As shown in the drawings, it is possible 
to install the Peltier element 74 on a water-cooling jacket 
75 provided with an inlet 76 and an outlet 77 for cooling 
water. 55 

Fig. 13 shows an exploded perspective view of the 
assembly of the sensor portion of the cloud point meter 
70 shown in Fig. 12. A silicon plate, which is affixed with 



a Pt resistance thermometer bulb (100 ohms) 81 as a 
temperature-detecting means, is joined to a side sur- 
face of the sensor 72. The Pt resistance thermometer 
bulb 81 is connected to a temperature control unit (not 
shown) for accurately controlling the temperature of the 
sensor head 85. The Peltier element 74 shown in Fig. 
12 is subjected to temperature control by the aid of the 
temperature control unit. As shown in Fig. 13, the ther- 
mal conductor 73 as the heat sink is constructed by two 
members 73a, 73b, and the sensor 72 and the silicon 
plate 80 are interposed therebetween. Thus, it is possi- 
ble to easily assemble the deposit point meter. 

The method for measuring the deposit point and the 
deposit point meter according to the present invention 
have been specifically explained with reference to the 
embodiments. However, the present invention is not lim- 
ited thereto, to which various alternations and improve- 
ments may be applied. For example, a plurality of optical 
fibers may be connected to the light-introducing optical 
path in order to widen the measurable range of the crit- 
ical angle of total reflection. Further, a waveguide layer 
lens may be arranged at the connecting section 
between the waveguide assembly and the optical fiber 
in order to enlarge the spreading angle of the optical 
ftoer. Alternatively, the detecting surface may be proc- 
essed to have a concave configuration. Moreover, the 
light-emitting surface of the optical ftoer may be proc- 
essed to enlarge the spreading angle. When a plurality 
of optical fibers or light emitting elements are used to 
increase the angle of light incidence, it is preferable to 
make arrangement so that optical axes of the respective 
fibers or the like intersect with each other at one point 
on the detecting surface. In another viewpoint, it is easy 
to provide explosion proof by making connection via a 
tape fiber or the like, instead of direct connection of the 
light-emitting surface to the CCD sensor. 

INDUSTRIAL APPLICABILITY 

According to the method for measuring the deposit 
point of the present invention, the cloud point can be 
measured more accurately and more rapidly by detect- 
ing the light beam at the angle of incidence and the 
angle of reflection 6 which satisfy (0 .,-A) < 6 < (e 2 +A) 
provided that the incoming light beam has the spreading 
angle ±A, 0-j represents the critical angle of total reflec- 
tion of the test sample, and 6 2 represents the critical 
angle of total reflection of the deposit material deposited 
when the test sample is cooled. Further, when the 
deposit point meter of the present invention is used, the 
temperature, at which crystals of deposit material begin 
to be generated, can be accurately detected, because 
the test sample is cooled from the side of the detecting 
surface of the sensor. The thickness of the waveguide 
layer for constructing the sensor of the deposit point 
meter is not more than the size of particles deposited as 
a result of cooling for the test sample. Accordingly, the 
detection sensitivity of the sensor of the deposit point 



9 



BNSDOCID: <EP 085122OA1 J_> 



17 



EP0 851 220 A1 



18 



meter is extremely high. Therefore, the method for 
measuring the deposit point and the deposit point meter 
according to the present invention are extremely effec- 
tive to quickly and highly accurately measure the cloud 
point of petroleum products such as gas oil. s 

Claims 

1 . A method for measuring a deposit point, comprising 

the steps of irradiating a test sample, for which the 10 
deposit point is measured, with a light beam from 
the outside and detecting a reflected light beam 
coming from a contact surface between the test 
sample and the outside, while changing a tempera- 
ture of the test sample, characterized by: is 

irradiating the test sample with an incoming 
light beam at an angle of incidence 0 which sat- 
isfies an expression (6-,-A) < 8 < (e 2 +A) 
while changing the temperature of the test 20 
sample, wherein the incoming light beam is a 
light beam having a spreading angle +A, Q A rep- 
resents a critical angle of total reflection of the 
test sample, and 0 2 represents a critical angle 
of total reflection of a deposit deposited when 25 
the test sample is cooled; 
detecting a totally reflected light beam from the 
test sample; 

and determining the deposit point of the test 
sample from change in intensity of the totally 30 
reflected light beam with respect to the change 
in temperature. 

2. The method for measuring the deposit point 
according to claim 1 , wherein a correlation coeff i- 35 
cient between light intensity distributions of 
detected totally reflected light beams is determined 

as a function of temperature, and the deposit point 
is determined according to temperature-dependent 
change in the correlation coefficient. 40 

3. The method for measuring the deposit point 
according to claim 1 , wherein an integral square of 
differences between light intensity distributions of 
detected totally reflected light beams is determined 45 
as a function of temperature, and the deposit point 

is determined according to temperature-dependent 
change in the integral square. 

4. The method for measuring the deposit point so 
according to claim 1 . wherein the deposit point is a 
cloud point. 

5. The method for measuring the deposit point 
according to claim 1 , wherein the sample is a petro- ss 
teum product. 

6. A deposit point meter comprising a sensor includ- 



ing a waveguide layer formed with a light-introduc- 
ing optical path for introducing a light beam into a 
contact surface with respect to a test sample for 
which a deposit point is measured and a light-emit- 
ting optical path for emitting a reflected light beam 
coming from the contact surface, a light-supplying 
means connected to the waveguide layer for sup- 
plying the light beam to the light-introducing optical 
path, and a photodetector connected to the 
waveguide layer for detecting the light beam com- 
ing from the light-emitting optical path; and a heat- 
ing and cooling means for controlling a temperature 
of the test sample; wherein: 

the light-introducing optical path and the light- 
emitting optical path are formed in the 
waveguide layer so as to detect a light beam 
having an angle of incidence 0 which satisfies 
an expression (9 1 -A)<e < (0 2 +A) provided 
that the incoming light beam is a light beam 
having a spreading angle +A, 6 1 represents a 
critical angle of total reflection of the test sam- 
ple, and 82 represents a critical angle of total 
reflection of a deposit deposited when the test 
sample is cooled. 

7. The deposit point meter according to claim 6, 
wherein the sensor comprises a laminate having a 
clad/core/clad-conf igured waveguide structure on a 
substrate, an optical fiber for supplying the light 
beam to the light-introducing optical path, and a 
photoelectric sensor array for detecting the light 
beam coming from the light-emitting optical path, 
and wherein the laminate comprises a light-intro- 
ducing surface connected to the optical fiber, a 
detecting surface for totally reflecting or transmitting 
the incoming light beam having the spreading angle 
radiated from the optical fiber and defining a con- 
tact surface with respect to the test sample, and a 
light-emitting surface connected to the photoelec- 
tric sensor array. 

8. The deposit point meter according to claim 6, 
wherein a material of the core/clad is selected from 
the group consisting of Si02/Si0 2 +Ge0 2 , 
Si0 2 /Si02+Ti0 2 , Si0 2 +SiF 4 /Si0 2 . 

9. The deposit point meter according to claim 6, 
wherein the test sample is cooled on a side of the 
detecting surface of the sensor. 

10. The deposit point meter according to claim 7, fur- 
ther comprising a hopper for charging the test sam- 
ple therein, wherein the detecting surface forms a 
bottom surface of the hopper. 

11. Hie deposit point meter according to any one of 
claims 6 to 10, wherein the core has a thickness 



10 



BNSDOCID: <EP 08S1220A1_I_> 



19 EP 0 851 220 A1 20 

which is not larger than a size of particles deposited 
by cooling the test sample. 

12. The deposit point meter according to any one of 
claims 6 to 10, wherein the core has a thickness 5 
which is not more than 1 mm. 

13. The deposit point meter according to claim 7, fur- 
ther comprising a computing unit for statistically 
processing intensities of light received by the pho- 10 
toelectric sensor array. 

14. The deposit point meter according to claim 13, 
wherein the computing unit determines a correla- 
tion coefficient between light intensity distributions is 
of totally reflected light beams detected by the pho- 
toelectric sensor array, as a function of tempera- 
ture, and the computing unit determines the deposit 
point according to temperature-dependent change 

in the correlation coefficient. 20 

15. The deposit point meter according to claim 13, 
wherein the computing unit determines an integral 
square of differences between light intensity distri- 
butions of totally reflected light beams detected by 25 
the photoelectric sensor array, as a function of tem- 
perature, and the computing unit determines the 
deposit point according to temperature-dependent 
change in the integral square. 
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Fig. 1 A 

IN CASE OF 0 < 0j (TRANSMITTED THROUGH BOTH 
SAMPLE AND DEPOSIT) 

A2 



n 0 


( 






Hi 





TNG) 



\ 



lb 




Fig. 1 B 

IN CASE OF 8 > 6 2 (TOTALLY REFLECTED BY 
BOTH SAMPLE AND DEPOSIT) 




Fig. 1 C 



IN CASE OF 0i < 0 < 0 2 (TOTALLY REFLECTED BY 
SAMPLE, AND TRANSMITTED THROUGH DEPOSIT) 
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Fig. 3 
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Fig. 4 A 
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Fig. 1 2 A 
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